AIM To develop a patient-reported outcome measure that comprehensively captures the health-related priorities of children with Duchenne muscular dystrophy (DMD).
INTERPRETATION
The MDCHILD met all sensibility criteria by children with DMD, their parents, and health care professionals, and is ready for psychometric evaluation.
Duchenne muscular dystrophy (DMD) is among the most common and severe neuromuscular disorders, affecting 1 in 3500 to 6000 male births. 1, 2 It is a progressive disease resulting in profound muscle deterioration, leading to loss of ambulation, cardiac complications, respiratory depression, and premature death. 1, 2 These children undergo a multitude of interventions to reduce mortality, improve health, and preserve quality of life (QoL). The effectiveness of these interventions is often measured focusing on the physical dimensions, 3 while neglecting important psychological and social dimensions affected by DMD, such as neurobehavioural disorders, 2, 4 social isolation, and withdrawal. 5 Many of the measures, including the Pediatric Quality of Life Inventory (PedsQL) and the Pediatric Outcomes Data Collection Instrument (PODCI), the two most common measures used in DMD, lack content validity or sufficient psychometric evaluation for this population. [6] [7] [8] [9] [10] [11] There are many new treatments for DMD that are currently being investigated, including genetic therapies, gene transfer, or membrane stabilization by protein upregulation, among others. 12 Given the limitations of currently used measures, there is an imperative to develop a new outcome measure that aligns with the health-related priorities of children with DMD and their parents to more meaningfully evaluate the effectiveness of these new treatments.
The Caregiver Priorities and Child Health Index of Life with a Disability (CPCHILD) was developed for children with severe disabilities who are non-ambulant and reliant on a caregiver for most of their activities of daily living. 13 Its content spans health-related priorities in the physical, psychological, and social domains for children with severe cerebral palsy (CP) and has been shown to be a reliable and valid measure of the parents' perspectives about ease of care, comfort, health, and well-being of children with a severe disability. 14 The 38 items of the CPCHILD are distributed over six domains, which are all pertinent to DMD: Personal Care/Activities of Daily Living; Positioning, Transferring & Mobility; Comfort, Emotions & Behaviour; Communication & Social Interaction; Health; and Overall QOL. This generates a score of 0 (worst) to 100 (best) for the total and for each domain. 13 Additionally, respondents can rate the importance of each item in the questionnaire for its perceived contribution to the child's QoL on a scale from 0 (least important) to 5 (most important). The CPCHILD might be suitable for DMD because these children become non-ambulatory and increasingly reliant on a caregiver for most of their activities of daily living, not unlike children with severe CP. Unlike CP, DMD is a progressive disorder and associated with different comorbidities. Children with DMD do not experience the movement disorders, or cognitive and communication impairments that are common in children with severe CP. To explore the potential utility of the CPCHILD, it was pilot-tested on a sample of children with DMD (n=13; mean age 11y 8mo [SD 2y 8mo]) and 18 parents. The mean importance ratings (0-5; least to most important) for all items exceeded 3 (slightly important), suggesting that the CPCHILD items were relevant to this sample, justifying further study of this measure's sensibility (appropriateness) for the population with DMD (Table SI, online supporting information).
The purpose of this study was to develop a conditionspecific measure of health-related priorities for children with DMD by evaluating the sensibility of the CPCHILD for DMD and adapting it as needed to develop a new measure.
METHOD Theoretical framework
The development of the condition-specific outcome measure was guided by the Priority Framework of Outcomes Assessment. 15 In this framework, health-related priorities are defined as concerns, desires, and expectations arising from the lived experience of that condition. These priorities can lead to a set of goals. Interventions are usually recommended or chosen to address these priorities and goals. Their effectiveness must be evaluated based on whether these goals were achieved, which requires outcome measures that specifically incorporate these priorities and goals. 15 An understanding of patient priorities is therefore essential for the development and evaluation of meaningful patient-reported outcome measures.
Viewed through the lens of the International Classification of Disability, Health and Functioning, 16 most medical interventions target impairments at the level of the body function and structure. However, the ultimate goals of these interventions are to address the activity limitations and participation restrictions, which are aligned with the patient's (or parents') priorities and represent the outcomes that matter most to them.
Study design
The study was conducted in two phases during which the sensibility of the CPCHILD was iteratively evaluated as it underwent modifications. Sensibility, which refers to the appropriateness of a measure, was operationalized based on Feinstein's framework, which includes defining the purpose and framework, overt format, face validity, content validity, and ease of usage of the measure. 17 In phase IA, children with DMD and their primary caregivers completed the CPCHILD questionnaire (or each subsequent modified version) followed by semi-structured interviews to iteratively evaluate and modify the CPCHILD. This led to the development of the pilot version of the Muscular Dystrophy Child Health Index of Life with Disabilities (MDCHILD) questionnaire. In phase IB, health care professionals with expertise in DMD were surveyed to evaluate the pilot version of the MDCHILD and recommend revisions (Fig. 1) . (Phase II is focused on the psychometric evaluation of the new measure and will be reported separately.)
Participants
For phase IA, children with DMD, aged 5 to 18 years, and their primary caregivers were recruited from the neuromuscular clinic at Holland Bloorview Kids Rehabilitation Hospital in Toronto, Canada. The primary caregiver was defined as the person who lived with or was most responsible for the child's care in the preceding 6 months. Participants unable to read and write English were excluded.
For phase IB, health care professionals (physicians and allied health) from multiple disciplines, were recruited from directories of the Canadian Pediatric Neuromuscular Group, Cooperative International Neuromuscular Research Group, Duchenne Connect, and North American neuromuscular clinics. Health care professionals were required to have at least 2 years of experience caring for children with DMD.
Ethics approval was received from the Research Ethics Boards of Holland Bloorview Kids Rehabilitation Hospital, The Hospital for Sick Children, and University of Toronto. Informed consent (or assent) was obtained from all participants.
Phase IA: semi-structured interviews with children and their primary caregivers Children and primary caregivers were each asked to complete the original CPCHILD questionnaire, or an adapted version, followed by a semi-structured interview using techniques of cognitive interviewing with retrospective probes. 18 The child and their primary caregiver(s) were interviewed at a location of convenience, such as their home or the hospital, and either as a dyad or separately. If the child was younger than 9 years of age, the child and their primary caregiver were interviewed together. If the child was older than 9 years of age, the child decided • The Priority Framework of Outcomes underpins the content for the MDCHILD.
• The MDCHILD incorporates the health-related priorities of males with DMD and their parents.
• The MDCHILD was deemed sensible by children, their parents, and health care professionals.
whether to be interviewed with their primary caregiver or on their own. If the child and primary caregiver were interviewed together, questions were asked of each separately and their individual responses were recorded.
The interview guide included questions to determine if instructions and items were understood as intended, if scales had appropriate choices, and whether new items should be added or any items removed. To ensure comprehension of the questionnaire, participants were asked what words in the items meant to them, what was being asked in their own words, and other ways to phrase the question. Finally, participants were asked about the time and effort needed to complete the questionnaire, if the questionnaire comprehensively captured their health-related priorities and goals (what they considered important to their lives), and if they had recommendations for changes to the questionnaire. 19 The interviewer recorded field notes and audiotaped the interview.
Phase IB: health care professional survey Health care professionals were contacted using a modified Dillman approach, 20 which included three e-mails and one postal mail contact. They were given a short description of the questionnaire development, the pilot version (derived from phase IA), and a two-part evaluation survey. In the first part of the survey, participants rated each item in the pilot MDCHILD questionnaire on a scale of accept, accept with modifications, or reject to assess content validity. 21 Space was provided for comments and additional items.
The second part of the survey consisted of 14 questions to assess sensibility of the pilot MDCHILD based on the Rowe and Oxman methodology. 22 Each question was rated on a 7-point Likert scale from strongly disagree to strongly agree (Table SII, online supporting information).
Analysis

Phase IA
Text summaries were generated after each interview to highlight issues with instructions, scales, or items. Based on these issues, recommendations to improve the CPCHILD questionnaire were considered. Modifications were incorporated when consistent issues were identified across several interviews. To ensure rigour, all identified issues and corresponding changes were reviewed with a second investigator (RP and UGN). This cycle continued until saturation was reached, i.e. no new issues were identified. 23 The resulting pilot questionnaire was called MDCHILD version 1.0.
Phase IB
For each item, the content validity ratio (CVR) was computed according to the formula: CVR=[n e À (N/2)]/(N/2), where N is the number of experts and n e is the number of experts who rated the item as accept or accept with modifications. 24 Threshold CVR values for retaining an item were based on exact binomial probabilities with an alpha level of 0.05 for a one-tailed test, as reported in Table I of Ayre and Scally. 21 In the second part, mean scores were calculated for the 14 items. The questionnaire was considered sensible if the mean score for at least 80% (12/14 items) of items was 4 or higher and the mean score of all items was >3. 22 Based on these findings, the questionnaire was further modified and the resulting questionnaire was called MDCHILD version 2.0.
RESULTS
In phase IA, 19 children with DMD (mean age 11y 8mo [SD 2.8]) and 20 parents were interviewed representing 17 families. Table I lists the detailed participant characteristics.
Through the iterative cycle of interviews, items were added, modified, or eliminated. Each modified version of the questionnaire was tested on subsequent interviewees and the process continued until saturation. Figure 1 depicts the sequence of interviews and changes to the original CPCHILD questionnaire.
Addition of items
Important items deemed missing were added. These included tasks related to independence ('picking up an object off the floor' and 'using a computer, tablet, or smartphone'); fatigue and emotions ('anxious or worried' and 'lacking confidence'); behaviours ('unable to focus or pay attention'); and social interaction ('interacting with family' and 'making and keeping friends'). In the child version, some items were worded differently to make them simpler for young children to understand; for example, 'lacking confidence' was changed to 'unsure of yourself'.
Modification of items
For several items, descriptors were added or removed to make the item more relevant to the population with DMD. For example, in contrast to children with CP, children with DMD do not typically require tube feeding, so reference to feeding by tube was removed from the item 'eating/drinking or being fed.' In the original CPCHILD, items about pain were linked to specific daily activities, as most children with severe CP have severe cognitive impairment and cannot adequately localize their discomfort. Children with DMD and their parents could report specific anatomical locations of pain, which were not necessarily associated with a specific activity. Consequently, items were modified to ask about pain at specific sites commonly affected in children with DMD. Finally, in the section on importance, questions about the importance of items were framed in terms of the perceived impact of that item on QoL.
Elimination of items
Items relating to communication from the original CPCHILD were removed because they were not relevant to this population and were commonly misinterpreted. The item 'attending school/child care' was removed because challenging elements that contributed to this item, such as getting on the bus, experiencing fatigue, and picking up objects, were captured by other items, making the item 'attending school/child care' redundant.
Clarity of instructions and comprehension
Minor changes were made to facilitate ease of understanding. Instructions were numbered and an instructional example was added. (2) were rated for the degree of difficulty to accomplish each task in addition to the level of assistance required. Domains (3) and (4) rated the symptoms for the frequency of the symptom/problem, as well as the magnitude of intensity of the problem. In the eighth section -'Importance of Items to your QOL' -each item in the questionnaire is rated for how much it affects the child's life.
Twenty-seven health care professionals from multiple disciplines responded to the survey and evaluated the MDCHILD 1.0. Table II summarizes their characteristics.
The CVR for each item in the MDCHILD ranged from 0.85 to 1 (Table SIII, online supporting information). The CVR for all items exceeded the threshold value of 0.41 to retain the item in the questionnaire.
The mean score for all 14 items of the sensibility questionnaire was >4 (out of 7) and was >5 in nine of 14 sensibility questions (Table III) . The mean scores exceeded the a priori thresholds, and therefore the MDCHILD 1.0 was considered sensible.
Health care professionals provided additional recommendations that were incorporated. Items were added, including 'pain or discomfort while seated', 'having difficulty sleeping', 'keeping up with schoolwork', 'having a relationship', and 'communicating with others'. In addition, two items were split to capture the activity's different elements separately. Firstly, 'participating in hobbies or other recreational activities' was separated into 'participating in physical recreational activities' for activities that required active physical effort; and 'participating in hobbies with others' for passive activities. Similarly, 'toileting activities (getting on and off toilet and hygiene)' was separated into 'toileting activities (getting on and off toilet)' and 'cleaning after going to the toilet'. Items were also modified in minor ways by adding examples, simplifying language, or removing descriptors. The item 'changing underwear (or diapers)' was removed to minimize the total number of items as the task was captured by the item 'putting on/taking off lower body clothing'. Six of 27 (22%) health care professionals suggested increasing the recall time for the item about the number of doctor and hospital visits. The recall period for these two items was changed from 2 to 4 weeks. To avoid errors, the recall period was changed for the entire questionnaire. The word 'visits' was added to each of the scale options for clarity.
The final version of the questionnaire (MDCHILD 2.0) had 47 items distributed over seven domains. The domain structure was the same as MDCHILD 1.0. The title of the 'Social Interaction' domain was modified to 'Social Interaction & School'. Similar to the original CPCHILD, each item score contributes to its respective domain score and to the total score, reported on a standardized scale of 0 (worst) to 100 (best). The eighth section on the 'Importance of Items to your QOL' does not contribute to the score. Table SIV (online supporting information) summarizes the content adaptation of the CPCHILD to develop the final version of the MDCHILD as seen in Appendix S1 (online supporting information).
DISCUSSION
Current outcome measures do not adequately capture the priorities of patients with DMD. With many new treatments for DMD on the horizon, there is a need for an outcome measure that can make more meaningful judgements about their effectiveness, based on the priorities of patients with DMD and their parents. This paper describes the iterative process that led to the development of the MDCHILD with 47 items across physical, social, and psychological areas important to children with DMD, their parents, and health care professionals.
The MDCHILD is unique in that it captures issues that patients with DMD and their parents have identified as important to them and are aligned with the goals/issues they wish to address by the interventions they receive. This is based on the Priority Framework of Outcomes, 15 which underpins the development of the MDCHILD. The items of the MDCHILD span the Activity and Participation domains of the International Classification of Disability, Health and Functioning framework affected by DMD, 16 mediated by the environment, personal and contextual factors. Although the International Classification of Disability, Health and Functioning does not explicitly mention QoL, it suggests implicitly that optimizing activities and increasing participation important to an individual contributes to a fuller life. The MDCHILD is not a measure of QoL or even health-related QoL of children with DMD. It is a measure of their health-related priorities, identified as important to this population. In the eighth section of the MDCHILD ('Importance of Items to Your QOL'), respondents report how much they feel each item in the main body of the questionnaire impacts the child's life. This section was used as another means to ensure that the items of the MDCHILD are, indeed, important to this population and therefore justify their inclusion. This scale can provide an ongoing measure of content validity by ensuring the questionnaire items are indeed relevant. The importance of specific items is unlikely to be the same across all individuals or even between patients and their parents. This section allows us to capture what is most important to a particular patient and/or parents, providing the additional utility of guiding clinical interactions and decision-making tailored to those specific items, in addition to issues that the health care professional might deem to be important. As the items in the questionnaire are linked to the respondent's perception of their importance to their lives, it is reasonable to assume that making positive changes in the MDCHILD would contribute positively to the person's health-related QoL. The above features distinguish the MDCHILD from current patient-reported outcome measures used for DMD. Until recently, the PedsQL was the recommended outcome measure; 25 however, the PODCI has demonstrated stronger psychometric properties. 8 Both measures examine a broad range of health-related effects, with the PedsQL categorized as a measure of functioning, disability, and health, 26 whereas the PODCI is a generic measure of function. The MDCHILD also includes a broad range of health-related effects, but these are condition specific and important. For instance, both the PODCI and PedsQL have items about running and walking, 7, 9 whereas the MDCHILD has items about mobility, including moving around indoors and outdoors, which is more appropriately applicable to all children with DMD (ambulatory or nonambulatory stages). The PODCI misses many important aspects of activities of daily living, many emotions, and social activities that are not associated with physical activity. The PedsQL misses some aspects of activities of daily living, positioning and transferring, and only asks about leg and back pain, missing out other areas of pain identified by children with DMD. The comprehensiveness of the MDCHILD is a result of involving key stakeholders in the developmental process, a criterion standard for outcome measure development according to the Food and Drug Administration and the Consensus-Based Standards for the Selection of Health Measurement Instruments. 27, 28 Finally, in the MDCHILD, the respondent can specify additional items in each domain, if they deem these to be missing (e.g. 'other pain' in the 'Comfort & Endurance' domain). These 'other' item(s) can be taken into consideration, even if not incorporated in the scoring. If these 'other' items are found to be distinct from existing items and are reported frequently, they can be included in future versions of the MDCHILD and allowed to contribute to the domain and the total score. This study has some limitations. Participants were recruited from one tertiary centre, although health care professionals were surveyed internationally. We used an iterative process in developing the MDCHILD; however, none of the participants reviewed the final version. To ensure generalizability, the validation study (phase II) includes participants from across Canada and also includes a concurrent sensibility assessment of the final questionnaire.
Herein, we report on the development of a patientreported outcome measure to assess health-related priorities of children with DMD and have confirmed the sensibility of this measure. The MDCHILD must undergo a full psychometric evaluation, which is currently being conducted in a cohort of children with DMD in the second phase of this project and these results will be reported separately. If the psychometric properties are established, the MDCHILD could be used in cohort studies and clinical trials to serve as a meaningful outcome measure to evaluate the effectiveness of treatments in relation to the health-related priorities of the population with DMD.
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SUPPORTING INFORMATION
The following additional material may be found online. Table SI : Mean, standard deviation and range of importance scores for each item in the CPCHILD as rated by parents and children who participated in the pilot study OBJETIVO Desarrollar una escala de pron ostico de distrofia muscular de Duchenne (DMD), utilizando informaci on provista por el paciente y/o cuidadores que capte de forma exhaustiva las prioridades relacionadas con la salud de los niños con DMD.
M ETODO Los niños con DMD y sus padres completaron las versiones iterativamente revisadas de las Prioridades de Cuidadores y el Indice de Vida con Discapacidad Infantil (Caregiver Priorities and Child Health Index of Life with Disabilities, CPCHILD TM ), seguidas de una entrevista cognitiva para desarrollar una versi on piloto de una nueva escala. Los profesionales de atenci on m edica multidisciplinarios completaron un an alisis de la medida por elementos y un cuestionario de sensibilidad de 14 ıtems. Se calcul o la relaci on m ınima de validez de contenido para cada ıtem de la nueva medida y la puntuaci on media (0-7) para los ıtems del cuestionario de sensibilidad.
RESULTADOS El CPCHILD fue modificado de acuerdo a la informaci on recolactada en m as de 19 entrevistas con niños y sus padres, lo que result o en el ındice piloto de la Disfunci on Muscular de Salud Infantil de la Vida con Discapacidades (Muscular Dystrophy Child Health Index of Life with Disabilities, MDCHILD). El ındice de validez de contenido de cada art ıculo de MDCHILD vari o de 0,85 a 1 en funci on de las calificaciones de los profesionales de la salud. El puntaje promedio excedi o el umbral de cuatro para todos los ıtems del cuestionario de sensibilidad. De acuerdo con las recomendaciones de los niños, padres y profesionales de la salud, se agregaron 16 ıtems, seis fueron eliminados y 15 ıtems del CPCHILD original fueron modificados. El MDCHILD consta de 47 elementos en siete dominios.
INTERPRETACI
ON El MDCHILD cumpli o con todos los criterios de sensibilidad de niños con DMD, sus padres y profesionales de la salud, y est a listo para la evaluaci on psicom etrica. ), seguido por uma entrevista cognitiva para desenvolver uma versão piloto de uma nova medida. Profissionais de sa ude multidisciplinares completaram uma an alise item-a-item da medida e um question ario de sensibilidade de 14 itens. Foi calculada a razão m ınima de validade de conte udo para cada item da nova medida e a pontuac ßão m edia (0 a 7) para os itens de sensibilidade do question ario.
RESUMO DESENVOLVIMENTO E VALIDAC
RESULTADOS O CPCHILD passou por mudanc ßas ap os 19 entrevistas com crianc ßas e seus pais, resultando no Piloto do Distrofia Muscular -Indice de Sa ude da Crianc ßa com Deficiência (Muscular Dystrophy Child Health Index of Life with Disabilities, MDCHILD). A taxa de validade de conte udo de cada item do MDCHILD variou de 0,85 a 1 com base nas avaliac ßões dos profissionais de sa ude. A pontuac ßão m edia ultrapassou o limite de quatro para todos os itens de sensibilidade de question ario. Com base nas recomendac ßões das crianc ßas, dos pais e dos profissionais de sa ude, foram acrescentados 16 itens, eliminados 6 e modificados 15 itens do CPCHILD original. O MDCHILD consiste em 47 itens em sete dom ınios.
INTERPRETAC ßÃO O MDCHILD atendeu a todos os crit erios de sensibilidade de crianc ßas com DMD, seus pais e profissionais de sa ude e est a pronto para avaliac ßão psicom etrica.
